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WHEEL UNIT FOR AUTOMOTIVE VEHICLES 



This invention relates to an autotnotiye veMcle arid more particularly to a novel wheel 
unit for such a vehicle. Tile invention ftiiliier contemplates a novel wheel suspension system 
forniing a component of such unit. 

Background of the Invention 

In the prior art, there has been developed a certain type of vehicle designed for a variety 
of purposes, generaily Gonsisting of a body of monocoque construction mounted on a set of 
wheel units, a power plant mounted in the vehicle body, a drivetrain for transmitting drive from 
the power plant to the wheel units^ a steering systerri opferatively comiected to one or more of the 
wheel unit? andj often, various auxiliary systems. Because such vehicles are intended to carry a 
crew?,, often additiorial personnel and/6r cargo or additional equipment, it is desirable tliat the 
corripartnient space of such veliieles be as large as possible. The mounting and installation of 
such required units and systems, however^ has the effect of intruding upon and tlius diminishing 
tl^ compartment space of ^ueh vehicles. 

In addition to requiring maximum compartment space, it is desirable that such vehicles be 
effectively mobile and maneuverable in operation. They must be capable of operating on both 
ordinary roadways and of&oad terrain. I'hey further must be capable of being operated on 
irregular and sloped terrain and to do so by maintaining as near a level bearing of the vehicle 
body as possible in order to ma:intairi vehicle control aild operate the vaiious systems of the 
vehicle. 

In view of the foregoing requirements of such vehicle, it is the principal object of the 
present invention to provide a wheel unit for the type of vehicle described which provides all 
wheel drive for such vehicles, ntiaximum jounce and r^^ irregular and sloped 

terrain and minimal intrusion upon the b<Kiy of the vehicle in ord<2r to provide ixiaximurn 
compartment space^ 

S um mary of f he Inventio n 

The present invention achieves its principal objeetive by providing a wheel unit generally 
consisting of a wheel including rim and disc portions^ upper and lower control arnis universally 



cormected to the body of the yehiGle, a knuckle plate miiyersially connected to the outer ends of 
the upper and lower ooiitro! arms, a roller hearing disposed within the rim portion of the whe^l 
coaxially therewith having an outer race mounted on the knuckle plate and an inner race, a hiib 
member mounted on the inner race of the bearing and rigidly cormected to the disc portion of the 
wheel and a half shaft operatively connected at an inner end to a component of the vehicle 
drivetrain and an outer end extendiiig through the bearing and connected to the hub member for 
rotational drive therewith. The bearing is adapted to carry axial, radial and moment loads. The 
outer end of the half shaft is provided \yith a pair of Cardan disposed vvdtbin 

the rim portion of the wlieel-^ and the kingpin axis of the knuckle plate intersect a Tnidpbint of 
tlie Cardan joints of the half shaft and includes a portion disposed within the rim porfiont of the 
w^heei. With such a configuiBtipn, the wheel is capable of increased jounce and rebound wilh 
OOi*espqjidingly imniinal ahgularity of die haif axle, and may be steered dirough a minimal 
steering aiigie to provide a rnitiiniai tunung angle without intruding upon the body of the yehicle 
and thus providing a maximum compartment space for the vehicle. 

Brief Description of the Drawings 

Figure 1 Is a perspective view of an automotive vehicle utilizing at least one set of wheel 
units each embodying the present invention: 

Figure 2 is a view similar to the view shown in Figure 1 illustrating the vehicle 
principally in phantom lines and a pair of wheel units in the second axle position of the veh^ 
embodying the present invention^ in solid lines; 

Figure 3 is aii enlm'ged, perspective view of a portion of the wheel unit shown in Figure 
2, having certain portions thereof removed; 

Figure 4 is a perspective view of a portion of the wheel unit having porfidns of the 
support housing arid the suspension System removed; 

Figure 5 is a top plan view of a portion of the wheel unit shown in Figures 3 and 4;; 

Figure 6 is an enlarged, vertical cross-sectional view taken along line 6-6 in Figure 5, 
having a tire mounted thereon; 

Figure 7 is an enlarged, cross-sectional view of the connection of a half axle to the wheel 
of the unit; 



Figure 8 is m exploded view of the axle end assembly utilised in the wheel unit sho\vn in 
Figures 1 through 7; 

Figure 9 is a vertical cross-sectional View of the assenihiy shown in Figure Br assembled; 
Figure 9a is a view similar to the view shown in Figure 9, illas^aling another 
embodiment of the axle end assembly; 

Figure 10 is an enlarged^ fragmentary view of a portion of the assembly shown in Figure 

9; 

Figure 11 is ^ side elevational view of the wheel imit including eoniponCTts of the 
suspension system; 

Figure 12 is a perspective view of a portion of the wheel unit^ illustrating the wheel 
suispensiqn pdrtion thereof in art oni-oad condition; 

Figure 13 is a view shtiiiar to the view shown in Figtire 12^ illustratihg the suspension 
system thereof in full rebound condition; 

Figure 14 is a perspective view of ati upper control mtn of the wheel unit; 

Figure 15 is a perspective view of a lower control arm of the wheel luiit;; 

Figure 16 is a perspective view of a lower support bracket- of the suspension system 
shown in partially exploded relation; 

Figures 17a through I7d are diagraramatic, side elevational views of a portion of the 
wheel unit, illustrating the unit in fulljounce, onroad, oflrdad and full rebound conditions; 

Figure 18 illustrates a comparable vehicle of the pri or art negotiating a s loped terrain; 

Figtire 19 illustrates a yehiele equipped with wheel miits embodying tile presettt ihve^^^ 
negotiating a sloped terrain ; 

Figure 20 is a diagrammatic view illustrating wheel units of the prior art with the ^raight 
rumiing positions of the wheels sho wn in solid lines and the tiitning positions of the wheels 
shown in phantom linesj and 

Figure :21 is a diagrammatic view of wheel units of the present invent^^^^^^ tlie straight 
ftimiing positions of the wheels shown in solid lines and tlie tumir^g positions of the wheels 
shown in phantom lines, providing a comparison relative to the wheel units shown in Figure 20 
of the increased space between the wheel units made available by the present invention. 



Detailed Deserlptions «f Emhodliiieiits of the In^eiitioii; 

R^feiring to Figures 1 and 2 of the drawings^ there is iilustrated an mrtomotive vehide 20 
generally eonsisting of a monocoque body or hull 21 mounted on a set of wheel umts 22, a 
power plant mounted within the body, a drivetrain for transmitting drive from the power plant to 
the wheel units, a steering system mounted on the body and operatively connected to one or 
rnore of the wheel units and various other auxiliary equiprnent and systems. Although four 
steerable sets of vdieel units are shown^ the vehicle may have a 4x4 conBgiiration with a one or 
both axles being steerable, a 6x6 Gonfigqration with the front and :^ar wheel units being 
stcerabli^s an 8xjB Gonfigwation witti one or all of the wheel units being steerable and a 10x10 
cotiliguration with one or all but the middle wheel tuiits being steerable, 

Wheel utiit 2i2 generally includes a suspension system 23 i^upported On a section 24 of the 
vehicle body, a wheel asserhbly 25 sujRpdrted on the suspensibn system aiid a half axle 26 
di'ivirtgly intercohiiecting ail output shaft of a carrier 27 of the vehicle drivetrain and^ t^^ wheel 
assembly. Body section 24 includes an upper wall member 28, a pair of longitudinaily spaced, 
transversely disposed wall members 29 and 30 forming a transverse recess in the bottom of the 
hull, communicating at the ends thereof with wheel wells of the body. The lateral ends of the 
upper wall member 28 are angled upwardly as at 28a and 28b to accommodate the angular 
displacement of the half shafts of the wheel units as will later be described. Carrier 27 is 
disposed in the bottom wall recess, on the longitudinal centerline of the vehicle and depends 
from and is bolted to the upper wall member 28, It includes a conventional or locking 
dSff^rentialj, a longitudinal disposed input shaft drivingly connected to the drivetrain of the 
vehicle, possibly an outjmt shaft aligiied with ttos input shaft defending upon the aeto^ position 
of the unit within the vehicle and a pair of laterally projecting output shafts. In a vehicle 
configuration in which the wheel units are the foremost wheel units, the carrier wiU include only 
a rearwardly disposed input shaft coiinected to the drivetrain of the veliiele. In a configuration 
where the \\^ieel imiis are the rearward most uiiits of the vehiGlej the carrier will have a trout 
input shaft. In configurations where the wheel units are intei-mediate units, the cmier will 
include both longitudinally aligned input and output shafts. In the units illustrated, the carrier 
includes an input shaft, a longitudinally aligned output shaft and a pair of laterally projecting 
output shafts* 



Wheel asssembly 25 is of a cGnventional eonstructiDn iiiGlviding a wheel 34 having a rim 
portion 35 and a disc portion 36. A tire 37 is moimtad on the; rim portion of the wheel in the 
conventional manner. Half axle 26 is operatively eonnected at an iniler end thereof to m QUtpvX 
ijhaft of the carrier and is drivingly connected to the wheel unit in a manner as will be later 
described. 

Suspension system 23 includes a lower control arm 38, an upper control arm 39, a 
knuckle plate 40, a support strut 4 1, an air spring 42 and a shock absorber 43. Lower control arm 
38 has a suhstantially triangmlar panel configuration and is universally connected at two comers 
thereof to trans veri^ wall members 29 and 30 of the vehicle body as at 38a and 38b, Such panel 
further is dished both longitudinally and transversely so as to prevent groiind matter frpm being 
thrown tip onto the Dperating cmiipGnents of the unit^ and furflier to facilitate the travel cff the 
vehicle when the wheels become sunk in soft soil, nmd^ sand or water. Upper control ami 39 has 
a V-shaped configuriitian including a pair of arm &ectioti$ 44 and 45 univei^ally connected at 
their imier ends thereof to the traftsverse wall members of the vehiGle hull as at44a and 45 a. 

Kefen-ing to Figures 6 through 10 and 16, there is disposed within rinl portion 35 of the 
wheel, an axle end assembly inGludtng knuckle plate 40, a roficr bearing 50, a hub 51 and a 
retainer housing 52. Knuckle plate 40 has a substantiaily annular configuration including 
diametrically opposed projecting portions 53 and 54 and a knuckle bracket 55. Upper protruding 
portion 53 is universally connected to a mounting bracket 56 by means of a ball joint connection 
57, which in turn is pivotally connected to a pair of spaced arm portions 5 8 and 5 9 of the upper 
control arm by means of a set of pins 60 and 61 having a centeriine passing through the center of 
ball joint comection 57, Lower proto 54 is universally connected to the outer end of 

lower control aiin 38 by mearis of a ball joint connection 62. Ball joint connections 57 arid 62 
definea kingpin axis 63, at least the lower atid of which is disposed mfhin rim portion 35 of the 
wheel. Knuckle bracket 55 also is universally connected to the outer end of a tie rod 64; Ip the 
eonverrtional manner^ knuckle plate 40 will be caused to displace vertically rdative to the body 
of the vehicle as /die upper and lo wer control amis pivbt about horijzohtal axes, aiid will swivel 
about the kingpiii axis as tie rod 64 is displaGed inwardly and outwrnxlly. The incljnatiom of the 
kingpin axis is at an angle in the range of 7" to 9"" relative to the vertical. 

Hub 51 has an annular configuration including a protruding annular portion 70. Roller 
bearing 50 includes an inner race 71, and oxiter race 73 and a set of crossed cylindrical rollers 74, 



Th? inner race receives hub portion 70 therein and is secured to the hub by means of a set of 
bolts 72, The outer race of the bearing is caused to be fixed to the knuckle plate and the inner 
race o f the bearing secured to the hub is tree to rotate with tihe hub^ by means of retainer housin 
52 whteh encompasses the bearing and hub aiid is secured to the kiitieMe plate by means of a set 

of bolts 75 to clamp the outer race of the bearing between the knuckle plate and the retainer 
hQUsing. Hub portion 36 of wheel 34 is coaxially mounted on disc 51 by means of a set of studs 
76, 

Referring to Figures 5 through 7, half shaft 26 drivingly interconnects stub ^shaft 33 and 
hub 51. It is connected at an inner end thereof to output shaft 33 by means of a universal 
connection or Cardan joint 80 or a pair of Cardan joints and is provided with a pair of Cardan 
jomts 81 and 82 adjacent the outer end thereof Such otjter end of the shaft is received tlii-ougli 
opening 40a of the tauckle plate and amiulm- portion 70 of hub 51 , arid secured coaxially to the 
htib. The outer end of half shaft 26 is provided with m\ annular flange 26a w^ich is bolted to an 
annular portidn 83 of the hub. In such arraiigement, drive is teausmitted from ou^ut shaft 33 
through half shaft 26 and hub 51 to wheel 34. Brakiiig of ttie wheel is proyided by a disc brake 
33 a mounted inboard on carrier 27 and operatively coimected to output shaft 33. Mounting the 
disc brakes inwardly adjacent the carrier not only lessens upsprung mass at the wheel but results 
in less congestion at the wheel and facilities access to the brake for repair and replacement 
without the need to remove the wheel. 

The components of the axle end assembly eonsisting of the knuckle plate, the hub, the 
bearing with the outer race thereof fixed to the knuckle plate and the inner race thereof fixed to 
the hub and tlie retainer housing fixed to the liuiuckle plate, clamping tlie outer mce of the bearing 
against the knuckle plate and encompassing the hub and be^ng, are coaxially disposed and 
confined within the rim portion of ^t^^^ additionj the kingpin axis intersects tlie midpotnt 

of Cardan joints 81 and 82? and at; least a lowfer portion of the Mnggpih axis also is disposed 
within the rim portion of the vAi^et With such ajTangernent^ the half shaft is free to displace 
vertically aiid angularly about tite kitlggpih axis to pieniiit the vehicle to traverse irregular and 
sloped terrain and steer while tr^lsmitting drive andi brakiiig to the wheeL 

The roller bearing functions to carry axial, radial and ^moment loads. In the embodiment 
shown in Figures 6 through 1 0^ it is provided with raceways in the inner and outer races thereof 
which are inclined at an angle of 45^ relative to the axis of the bearing, between which the 



Giylindrioal rdllers are arranged alternately at 9Q' to each other. The diaineter of the rollers m 
larger than tlieir length. Such bearing is functioiial to acGoituiioda:t€; radial aiid laxial loads acting 
in both directions, and also tilting raometit^. 

Alternatively to the axle end assembly shown in Figure 9 utilizing a crossed eylindrieal 
roller bearing, an assembly as shown in Figure 9a may be used utilizing a pair of tapered 
bearings. Such assembly includes a knuckle plate 40b comparable to knuckle plate 40, a hub 51 a 
comparable to hub 51, having an annular portion 70a receivable within the ppening in the 
knuckle plate, a p^r of tapered roller bearings 5 0a and 5Qb s^ arated by a sp acer 50c and hrn^ing 
the inner races thereof mounted on an annnlar oiitet surface of the hub with the inner mo& of 
bearing 50a eiigaging a shoulder provided on the hub, and an annular retainer housing 52a 
encQnipassing hu^ 5 1 a and bearings 50a and SOfei engaging the outer race of hearing 50a and 
secured to knuckle plate 40a by meatjs of a set of bolts. Tile claniping action of retaiMf housing 
52a fuhctions to Iniaintain the outer races of bearings 50a aiid 50b fixed to the kiiuckle: plate 
while permitting: the imier races theineof to rotate with the hub. The inner races of bearings SOa 
and 50b are secured to hub 51a by a nut The outer end of a half shaft 26 is disposed Goaxially 
with and secured to hub 51a by means of a set of boits. In operatfon, the assembly shown in 
Figure 9a functions in the same manner as the assembly shown in Figure 9 with the knuckle plate 
being free to displace vertically and swivel about the kingpin axis, and the half shaft transmitting 
drive through hub 5ia to a wheel moimted thereon in the manner as previously described. 

As best seen in Figures 11, 12 and 13, support strut 41 is rigidly connected at the lower 
erid thereof to mounting bracket 56 and is provided at an upper end thereof with a laterally 
projectitig support ledge section 90 on which air spring 42 is seated and rigidly attached. Tlie aix 
spring is of a conventional construction and includes an uppeir plate member 91 A?vhich is bolted, 
welded or otherv^se rigidly secured to the miderside of the vehicle: t3ddy within the wheel well. 
Shock absorber 43 also is of a conventional construction, pivotally connected at a lower end 
thereof to a connecting pin 92 in liie upper control arm and pivotally connebted at an upper end 
thereof to a bracket 93 rigidly secured to the underside of the vehicle body within the wheel welL 
Also connected at their upper ends to attacliment plate 93 is a set of rods 94 and 95 disposed 
parallel to the piston portion of the shock absorber and guided in a set of bushings 96 and 97 
supported on support 3trut 41. To protect the air spring, support ledge 90 is provided with a 



cum;d guatd 98 liavmg a sufBcient height to t?bmpletely shield the air. spring when the air spring 
is in an om-oad GQiidition m shown in Figures 1 1 and 12. 

To assemble t!ie wheel unit as deseribed, with the body of the vehicle siriliGiently 
elevated, the inner ends of the tipper and lower control arms are first connected to the vehicle and 
the half shaft is eonnected to the output shaft of the carrier. With mounting bracket 56 mounted 
on the upper control arm, support strut 41 with air spring 42 mounted thereon is inserted in the 
wheel well, the lower end of the support strut is bolted to mounting bracket 56 and upper plate 
91 of the air spring is bolted to the vehicle. Shock absorber 43 is then comieeted between the 
tipper control arm and the underside of the vehicle within the wheel welL Knuekle plate 40 is 
then iriseated into the wheel well and eonnepted to the upper and lower control amis- allowing 
the free end of the half shaft to be received tikoitgii the opening in the kiiuclde plate. Roiler 
bearirig 50 is tlien mounted on hub 51 and hub 51 with beaFiiig 50 itidunted thereon is placed 
within the wheel well and mounted in the Iduickle plate. Tlie hub and bearing thus installed ai'e 
secured in position by mounting the retainer housing and securing it to the knuckle plate sq tiiiat 
the outer race of the bearing will be interposed between the retainer housing and the taitickle 
plate and the inner race of the bearing will be secured to the hub for rotation theremtli, the 
outer end of the half shaft thm is secured to the by bdlting end flange 26a to annular hub portion 
83 . Wheel 34 may then be positioned coaxially against the exposed end of hub 51 and secured 
thereto by means of a set of bolts 76. Assuming the wheel unit is a steerable unit, the installation 
of the unit would be completed by connecting the knuckle bracket of the knuckle plate tp tie rod 
64 of the steering system of the vehicle. 

Figure 17a is a diagrammatical view illustrating the wheel unit in a fliU jounce condition. 
Figure 17b illustrates the unit in aii onroad condition. Figure 11c illustrates the unit in an off 
liigbway condition and Figure lid illustrates tlie unit in a ftill rebound Gondition, Figin-e 18 
illustrates the orientation of a prior art vehicle inclined at a 74^ angle, negotiating a 30% slope. 
Figure 19 illustrates a vehicle eiquipped with wheel units of the type describeds maintaiiiing a 
substantially similar body orientation inclined at a 74° angle while negotiating a 54% slope. It 
will be: appreciated that the wheel units of the present inyentidn allqw the vehicle to negotiate a 
slope of Uemiy twice the aiigle than that of a comparable prior art vehicle whilje rnaintaining the 
same orientation. 



For traversing different teixaiii aitd also for Operating the yeMcle on soft ground^ it often 
is desirable to be able to vary the anioutit of inflation of the tires of tlie veMcie. For tilis puipose, 
a fluid passageway is provided intercommliniGating a source of air under pressure on tlie body of 
the vehicle and each of the tires of the vehicle. With respect to the wheel unit described, such 
passageway includes a passageway in upper control arm 39 communicating with a fixture 100 
mounted on the outer, upper end of the upper control arm, a passageway 10 1 in knuckle plate 
40^ a hose 102 intercommunicating fixture 100 and passageway 101, an annular groove and a 
passageway 103 iii hub 51, a passageway 104 intercommiinicatiiig passagevi^ayis IQl m& 103, a 
valve 105 (Figui-es 6^ 7, and 9) eommunicating witii passageway 103, and a hose 
intercoininniiicating valve 105 and a port in tlie rim portion of the: wheel Gommiinicating with the 
interior of the tire. Valve 105 is of a type that may be actuated to open or dose by transmitting 
hursts of air through the passageway as described. Suitable eohtrols are provided in such 
passage w^ay to supply air under pressure to inilate such tires aiad to vetit stich passageway to 
deflate the tire. Because of their positionitig, such passageways can be larger tlian cotnparable 
passageways in prior art vehicles and tlius are capable of providing larger volumes of air for 
faster reaction times. 

By supporting the wheel on the half shaft at a point further from the iGngitudinal 
centeriine of the vehicle than conventionally mounted wheels on axle spindles, greater vertical 
displacement of the wheel is achieved without greatly increasing the angularity of the half shaft. 
Accordingly, increased wheel travel is provided without the half shaft unduly intruding upon the 
hull of the vehicle and correspondingly diminishing the compartment space witliin the vehiele. 
Such aitangement fuiiher proyide? less intrusion of the wheels into the hull when the wheels are 
turned when steering. Typically, the wheels will swivel in an ate of about 26°, Such 
improvertiexit Is illustrated in Figiires 20 and 21 in which Figure 20 illustrates the atriount of 
space available between a set of wheels of a prioi art Vehicle and Figure 21 illustfates the 
increased amount of space available in a comparable vehicle utilizing wheel units embodying the 
present invention. 

Although the wheel unit assembly has been described as being mounted on a platform 

consisting of a hull of monoeoqiie eonstructiGn, it is to be understood tliat the assembly is not 
limited to installation on such a platform and can be mounted on any desired platform. The 
platform may have any configuration depending upon its use requiring a wheel assembly having 



an independent suspensian. Tim platform may consist of a conventional truck indiiding a main 
fraiiiei, a cab itiOTOted qii tlie front end therepf and a body mounted on the ftame behind the cab. 
The platfomi feithef may consist of a niaiii frame and a cab and a flat bed mounted on the frame 
with or without a variety of implements mounted on the flat bed. In addition, although the 
invention has been deseribed in connection with a platform eonsisting of a hull of monocoquje 
construction having a specific design, such hu^^ may consist of any suitable design. 

From the fbregqing detailed description, it will be evident that there are a number of 
changes, adaptations, and rnodifications of the present invention which cdme within the provxee 
of those persons having ordinary skill in liie art to which the aforementioned invention pertains. 
However^ it is intended diat eJI such variations not departing from the spirit of the invention be 
epn$idered as withm the scope thereof as limited solely by the appended claims. 



